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Abstract 
The purpose of this study was to examine whether or not arm dominance contributes to 
rates of hemolysis in blood samples that are drawn from intravenous catheters at the time of their 
initial placement. A quantitative, prospective, quasi-experimental design was used. Fifty-eight 
subjects were randomized to either the control group who had blood drawn through an IV 
catheter placed in their dominant arm or the experimental group for whom the non-dominant arm 
was selected. The Sarstedt Monovette collection system was used to obtain blood samples from 
the IV catheter. Overall, blood specimens demonstrated a very low rate of hemolysis. Only one 
of the 159 blood tubes collected from the subjects was found to be hemolyzed. Although no 
correlation was found between arm dominance and sample hemolysis, a moderate relationship 
was identified between IV catheter site and degree of aspiration resistance. 
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The Effect of Arm Dominance on Specimen Integrity When Sampling Blood from IV Catheters 
Chapter 1: Research Problem 
Nursing shortages, spiraling costs of healthcare, increasing patient volumes, and the 
competitiveness of today’s healthcare market have challenged nurses to work with less staff 
while decreasing length of stays, containing costs, and maintaining quality care. One intervention 
that nurses have instituted in the emergency department (ED) to help meet some of these 
growing demands has been to obtain blood samples through the intravenous (IV) catheter at the 
time of insertion. According to many authors (Cox, Dages, Jarjoura & Hazelett, 2004; Dugan, 
Leech, Speroni & Corriher, 2005; Grant, 2003; Kennedy et al., 1996) this has been done for two 
reasons. First, it minimizes patient discomfort by sparing them an additional needle stick for 
blood sampling. Secondly, it improves efficiency by eliminating an additional procedure, and 
ensures that blood specimens are obtained in a timely matter. Theoretically, this would optimize 
patient care by improving patient satisfaction, decreasing laboratory turnaround times, and 
facilitating a more rapid diagnosis and appropriate treatment plan.  
However, there are those who do not support this as best practice. Grant (2003) and 
Raisky, Gauthier, Marchal and Blum (1994) have recommended obtaining blood specimens by 
venipuncture with a straight needle as the preferred method whenever possible. They maintain 
that there was a higher incidence of specimen hemolysis when blood samples were drawn 
through an IV catheter, which resulted in the need to redraw blood from the patient. Sharp and 
Mohammad (1998) defined hemolysis as the release of hemoglobin into plasma when damage 
occurs to the membrane of red blood cells. Although this is a naturally-occurring process within 
the body, they emphasized that hemolysis which occurs during the collection of blood samples 
can result in inaccurate laboratory test results.  The end result is the need to redraw blood from 
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the patient. This creates a delay in obtaining a diagnosis, increases the patient’s length of stay, 
results in additional cost, and decreases efficiency by adding to the staff’s workload.  
Among staff at F. F. Thompson Hospital, there has been a growing controversy over the 
practice of obtaining blood samples through an IV catheter. The nurses in the ED have supported 
the practice and view it not only as a timesaving practice, but also as a patient satisfier. On the 
other hand, the laboratory technicians believe that this technique for obtaining blood results in a 
higher incidence of hemolysis, and ultimately leads to more work, additional expense, and a 
delay in obtaining laboratory results.  
Preliminary data gathered by N. Smith, director of laboratory services at F. F. Thompson 
Hospital indicated that 82% of hemolyzed blood specimens came from the ED (personal 
communication, April 10, 2007). Of those hemolyzed specimens from the ED, 78% were blood 
specimens that were obtained through an IV catheter. Additionally, the average length of time 
from when the laboratory notified the ED that a blood sample was hemolyzed, to when they 
received the second specimen, was 59 minutes (N. Smith, personal communication).  
The cost associated with having to redraw blood from a patient due to hemolysis includes 
supplies, labor, and lost revenue resulting from the increase in length of stay. Based on data 
provided by the ED nurse manager for reported revenue, ED census, average length of stay, and 
total bed hours in a twenty-four hour period, every hour a discharge is delayed costs the hospital 
$75.00 per patient (G. Hebda, personal communication, March 27, 2007). In addition, the cost of 
supplies and labor associated with having to redraw blood from a patient is $5.00. As a result, it 
costs the hospital an average of $80.00 per patient when blood samples are rejected, requiring the 
patient’s blood to be drawn a second time. Although this figure seems small, the annual cost to 
the hospital is approximately $30,720.00, using a conservative estimate of 32 hemolyzed 
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specimens per month. As a result, a review of the literature was conducted to determine the best 
evidence for obtaining blood specimens from ED patients that is both clinically amenable and 
cost-effective.  
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Chapter 2: Literature Review 
Search Methods 
A literature search was completed using the CINAHL and Medline databases. Keywords 
used in the search were blood specimen collection and hemolysis. These subjects were 
combined, resulting in 26 possible articles. The search was then narrowed to include only those 
that were research articles, written in English, and published between 1992 and 2007. This 
resulted in the identification of seven articles. Of these seven, one did not pertain to the issue of 
blood specimen hemolysis. The second article could not be located or retrieved through inter-
library loan. In reviewing the reference list of the five articles selected, one reference cited by 
Grant (2003) was also selected for inclusion into this review.  
An additional search was done, using the keywords venipuncture and peripheral catheter, 
singly and in combination with the terms discussed previously. This resulted in three potential 
articles, but these were later discarded because their focus was on inpatient serial blood draws 
from indwelling peripheral catheters that had been in place for more than 24 hours, or through 
which various solutions had been infusing. Although some findings could be extrapolated to 
patients in the ED, the generalizability to this population was in question since our focus was 
blood sampling from newly inserted IV catheters, through which solutions had not yet infused.  
Each of the six articles will be presented in chronological order based on the date of 
publication. This will enable a clearer understanding of the ways in which the studies have built 
upon one another, and the direction in which future research needs to focus. The review will 
conclude with a synthesis of the research discussed.   
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Review 
According to Raisky et al. (1994), hemolysis resulted in incorrect electrolyte and enzyme 
values, causing delays in patient care, as well as additional expense in an ED sample of 350 
patients. Using the biochemical and biomechanical models of hemolysis, Raisky et al. 
hypothesized that the material a catheter or needle was made of would have an effect on the rate 
of blood specimen hemolysis.  
A quantitative, randomized, prospective study was designed to evaluate which materials 
used in manufacturing needles and catheters would be best for blood sampling. The researchers 
randomized the subjects to groups by numbered sheets that corresponded to the material to be 
used. The study was blinded so that those assessing for hemolysis did not know what type of 
material was used for particular samples.  
Independent variables included the type and size of venipuncture equipment used, 
material composition of the needle or catheter, and site of venipuncture. The type of 
venipuncture equipment was defined as stainless steel needles, and either Teflon or Vialon IV 
catheters. The needle and catheter sizes were 20-gauge, 21-gauge and  22-gauge. Venipuncture 
sites were defined as antecubital fossa, forearm, hand and lower limb.  The dependent variable 
was defined as the rate of hemolysis. 
The phlebotomist used a randomization sheet on which the venipuncture site, and the size 
of the catheter or needle used was also documented. This sheet was sent to the lab along with the 
blood sample, and an automated photometric analyzer was used to determine whether the 
samples were hemolyzed. 
Chi-square and Yate’s correction were used to verify randomization for sex, age, 
venipuncture site, and size of needle or catheter. A nonparametric test was used to analyze rates 
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of hemolysis, and the correlation between hemolysis and type of material was evaluated using an 
analysis of variance and the Kruskal-Wallis test. 
Raisky et al. (1994) found that the groups were similar for age and sex, but not for 
venipuncture site and gauge of catheter or needle. However, the venipuncture site and needle or 
catheter gauges did correlate, and the two groups which used IV catheters were similar in this 
regard. The rationale for this is that the venipuncture site often dictates the size of the catheter 
that can be used. 
In evaluating hemolysis, the researchers determined that samples drawn through the 
metal needle had a much lower rate of hemolysis than those drawn through the Teflon or Vialon 
catheters. This was highly significant at p < 10-6. In comparison, blood drawn through Teflon 
catheters had lower rates of hemolysis than those obtained through Vialon catheters. This was 
also significant at p < 10-6. These findings led to recommendations that blood samples should be 
drawn using metal needles whenever possible; and if samples needed to be obtained at the time 
of IV insertion, Teflon catheters should be used. 
Kennedy et al. (1996) decided to research hemolysis rates in blood samples obtained 
from an IV catheter in comparison to those obtained by direct venipuncture. Unlike Raisky et al. 
(1994), Kennedy et al. believed that there would not be a significant difference between the use 
of straight needles and IV catheters. The impetus behind this study was a report by the laboratory 
that claimed blood samples from the emergency department had a high rate of hemolysis. The 
laboratory personnel hypothesized that this resulted from the common practice of obtaining 
blood specimens at the time of IV insertion, and a policy was proposed to prohibit this practice. 
The ED nurses refuted this claim, and supported this practice as being important in minimizing 
patient discomfort and maintaining efficiency. Kennedy et al. reviewed current literature on the 
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subject, but were unable to find adequate data to substantiate their claim that drawing blood 
specimens at the time of IV catheter insertion did not result in an increased rate of sample 
hemolysis. 
Although the theoretical framework was not specifically discussed, it appeared to be 
based on the biomechanical process of hemolysis. Whereas Raisky et al. (1994) focused 
predominantly on how biochemical factors of different materials affected rates of hemolysis, 
Kennedy et al. (1996) were interested in whether mechanical factors associated with design 
actually had a contributing role. Kennedy et al. hypothesized that obtaining blood samples from 
an IV catheter at the time of insertion would not have a higher incidence of hemolysis than those 
obtained by direct venipuncture using a straight needle. 
Like Raisky et al. (1994), Kennedy et al. (1996) also designed a quantitative, randomized, 
prospective study. Their goal was to evaluate rates of hemolysis between two different blood 
sampling techniques. The study sample consisted of ED patients. Inclusion criteria for this study 
were any patients requiring both laboratory work and an IV. The criterion for exclusion was 
defined as any patient less than 16 years of age. Patients accepted as part of the study were 
randomized into two groups; those having blood samples obtained through an IV catheter at the 
time of insertion, and those having blood drawn from a separate site by means of venipuncture.  
Kennedy et al. (1996) chose seven experienced nurses to participate in the study. The 
criteria by which the authors defined the concept of experience were not discussed. These nurses 
were responsible for obtaining all blood samples included in this study, as well as the collection 
of data. They also selected each of the subjects who were to participate in the study. However, 
the process used to select subjects and the means to collect data were not discussed. A total of 
165 subjects were involved in the study, but of this number seven subjects enrolled in the direct 
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venipuncture group were excluded due to unsuccessful attempts at obtaining blood. The final 
sample consisted of 87 patients in the group that had samples drawn through an IV catheter, and 
78 patients who had blood drawn by direct venipuncture. 
The independent variables were identified as use of an IV catheter, size of the IV 
catheter, and use of a straight needle. The IV catheter was defined as an Insyte catheter-over-
needle, manufactured by Becton Dickinson. IV catheter size ranged from 24-gauge to 14-gauge 
in size, and the needle used for direct venipuncture was a Vacutainer 21-gauge straight needle. 
Although the independent variables were similar to those in the study conducted by Raisky et al. 
(1994), Kennedy et al. (1996) used a broader range of IV catheter sizes, and did not evaluate the 
material that needles and catheters were made of. As with Raisky et al., the dependent variable 
was identified as the rate of hemolysis. The method by which hemolysis was determined and 
rated by laboratory technicians was not defined.  
The percentage of hemolyzed samples was determined in each group and a comparison 
was made using chi-square. Findings were considered statistically significant if the p value was  
< 0.05. Additionally, the authors performed a regression analysis to evaluate the relationship 
between the size of the IV catheter used for blood sampling, and the rate of hemolysis (Kennedy 
et al., 1996). They found that there was a higher rate of blood specimen hemolysis in the group 
that had samples collected from the IV catheter at the time of insertion, in comparison to the 
group that had samples drawn by direct venipuncture. The percentage of hemolyzed samples was 
13.7% and 3.8%, respectively. A correlation was observed between the size of the IV catheter 
and sample hemolysis (p < 0.05).  
The researchers determined that although blood drawn through IV catheters had higher 
rates of hemolysis, this was related to the size of the IV catheter used. Their findings 
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demonstrated that the smaller the diameter of the IV catheter, the higher the incidence of blood 
hemolysis. On samples drawn using a 22-gauge or 24-gauge catheter, the percent of hemolyzed 
samples were 25% and 100%, respectively. These rates dropped to 15% when using a 20-gauge 
catheter, 10% when using an 18-gauge catheter, and 0% when using a 16-gauge catheter. 
Burns and Yoshikawa (2002) studied rates of hemolysis between blood samples drawn by 
ED personnel and those drawn by trained laboratory phlebotomists. Similar to Kennedy et al. 
(1996), the impetus for this study was the observation that blood samples from the ED had a 
higher rate of hemolysis than those drawn by laboratory technicians.  
Burns and Yoshikawa (2002) based their research on the same biomechanical principals 
of hemolysis as Kennedy et al. (1996). Like Raisky et al. (1994), Burns and Yoshikawa 
recognized that hemolysis could result in erroneous laboratory values, resulting in delays in 
patient care. They designed their study to question what primary factors contributed to an 
increased rate of hemolysis in blood specimens obtained from ED patients. 
Burns & Yoshikawa (2002) divided their study into two parts. The first part was a 
retrospective analysis of blood specimens drawn from both the ED and an acute medical floor. 
This was done to ensure that the observation about different rates of hemolysis made by 
physicians and laboratory staff was valid. However, the results of this part of the study were not 
discussed in the article. As in previous studies (Kennedy et al., 1996; Raisky et al., 1994), the 
second part of this study was a quantitative, prospective study designed to look at possible 
factors causing hemolysis. One difference, however, is that Burns & Yoshikawa did not discuss 
whether the study design was randomized.  
Subjects in the study included any patient in the ED who needed a chemistry panel 
drawn. The study sample included pediatric patients, as well as adults. According to Burns & 
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Yoshikawa (2002), 204 blood draws from ED patients were observed. It was not clear whether 
this was the total sample size, or only those participants that were drawn while observed by the 
authors. Only red top chemistry tubes were included in the study. No patient demographics were 
recorded. The only data recorded in the study were sample number, site of puncture, type and 
size of cannula, use of extension tubing, use of syringe, and levels to which tubes were filled.  
For the second half of the study, there was no discussion as to how the patients from the 
medical floor were selected to participate in the study, or what methods were used for obtaining 
samples. It was unclear if a prospective study was done using patients from the acute medical 
floor, or whether the data from the retrospective sample were used in comparison against the ED 
group. Additionally, the numbers discussed in the results section of the article corresponded to 
those discussed in the retrospective part of the study. The sample number or results were unclear 
for the quantitative, prospective part of their study. 
The independent variables for this study were IV catheter, size of IV catheter, metal 
needle, use of extension tubing, use of syringe, site of puncture, and fullness of blood tubes. The 
IV catheter was defined as 20-gauge and 22-gauge plastic catheters. Additionally, researchers 
identified metal needles as butterflies or straight phlebotomy needles. The type of extension 
tubing and size of syringe were not defined by the authors. There was discussion about samples 
drawn with a syringe and those not drawn with a syringe. However, for the samples not drawn 
with a syringe, there was no clarification as to what device was used.  
The puncture site was identified as antecubital fossa and distal arm. Although this does 
provide some definition, it is lacking. There is a large difference between the distal forearm and 
the proximal forearm, and it was not clear whether the hand was included in the category of 
distal arm. Blood tubes were defined as being less than half full or more than half full. Sample 
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tubes that had been filled with water and marked in milliliter increments were used as visual 
comparisons. 
Daily laboratory logs were used to identify samples affected by hemolysis. The 
equipment used for venipuncture, use of extension tubing, use of syringe, and site of 
venipuncture were documented. Whether or not there was a standardized documentation tool 
utilized was not discussed by the authors. Statistical Analysis Software (SAS) was used for data 
analysis, and chi-square was used to determine the significance of hemolysis between the 
different independent variables. In addition, logistic regression helped to determine which factors 
had the greatest impact on hemolysis. 
Burns & Yoshikawa (2002) concluded that the chi-square analysis demonstrated that use 
of a 22-gauge catheter or smaller, use of plastic catheters, puncture sites in the distal arm, and 
incomplete filling of tubes all were factors associated with high rates of hemolysis. By applying 
logistic regression, they determined that the two factors most responsible for hemolysis were use 
of a puncture site in the distal arm and the fullness of the blood tube. The researchers 
emphasized, that “although the chi-square analysis showed plastic vs metal cannulas as being 
significantly different, the logistic regression analysis showed this factor to be noncontributory” 
(p. 380). This contrasts to the findings in the study conducted by Raisky et al. (1994), in which  
metal cannulas were found to have a significantly lower rate of hemolysis than those made of a 
plastic material.  
 Burns & Yoshikawa (2002) also excluded the catheter gauge “because of its relation to 
the catheter material type, all of the catheters being plastic” (p. 379). This observation conflicted 
with results by Kennedy et al. (1996), that determined the size of the IV catheter had a reverse 
correlation to the rate of hemolysis. Additionally, Burns and Yoshikawa contradicted themselves 
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when discussing their findings. As stated previously, they concluded in the discussion section of 
this article that a distal venipuncture site and fullness of the blood tube were the two factors that 
contributed most to causing hemolysis. However, in their introduction to the study, Burns and 
Yoshikawa stated, “Logistic regression of these data to control for confounding variables 
demonstrated that the following factors contributed most to causing mechanical hemolysis: 
drawing from a vein in the distal arm and drawing through a narrower gauge needle” (p. 378). 
With the discrepancy in their two statements, it is difficult to ascertain their actual conclusion. 
As Grant (2003) pointed out, it is not uncommon for nurses in an ED setting to obtain 
blood samples from a peripheral IV catheter at the time of insertion. As many authors (Cox, 
Dages, Jarjoura & Hazelett, 2004; Dugan, Leech, Speroni & Corriher, 2005; Grant, 2003; 
Kennedy et al., 1996) have agreed, this is done to improve efficiency and minimize patient 
discomfort. However, there is concern that this procedure results in an increased rate of 
hemolysis, and ultimately creates delays in patient care and contributes to an increase in staff 
workload.  
Grant (2003) examined techniques for obtaining blood specimens in the ED setting, and 
factors associated with hemolysis. Grant was concerned that the rate of hemolysis was significant 
in the institution in which she worked, but found there was little to no objective data on which to 
base this observation. Her goal was to identify factors associated with hemolysis of blood 
specimens obtained in the ED, and determine best practice for maintaining efficiency while 
reducing rates of hemolysis. 
The theoretical framework for this study was not specifically defined but appears to be 
based on the biomechanical principal that hemolysis of red blood cells can result from increased 
pressure exerted upon them. In this context, increased pressure is caused by IV catheters, and 
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additional equipment involved in drawing and transferring blood specimens. This is the same 
model used in two previous studies (Kennedy et al., 1996; Burns & Yoshikawa, 2002).  
As with the study conducted by Burns and Yoshikawa (2002), Grant (2003) had a 
different research focus than those conducted by Raisky et al. (1994) and Kennedy et al. (1996). 
Grant did not doubt the higher hemolysis rate of blood drawn through an IV catheter. In her 
study, she questioned which factors were associated with hemolysis when obtaining blood 
samples through an IV catheter and by venipuncture. 
This study was conducted in the ED of a metropolitan teaching hospital during May and 
June 2001.  Like previous studies (Raisky et al., 1994; Kennedy et al. 1996; Burns & Yoshikawa, 
2002) this was a quantitative, prospective design, and they used a convenience sample of blood 
obtained from ED patients. The method used for collecting the specimen was documented in a 
questionnaire that staff completed at the time they obtained the sample. Specimens were 
evaluated in the laboratory to determine the degree of hemolysis.  Staff participation, which 
included ED registered nurses and ED clinical technicians, was voluntary. Prior to the study, 
laboratory personnel were oriented to the hemolysis scale in an attempt to standardize 
interpretation among laboratory technicians. There was no discussion of patient inclusion or 
exclusion criteria.  
Before beginning the study, the laboratory determined a baseline hemolysis rate. 
Previously, they had no prior benchmark, and there were no adequate industry benchmarks that 
could be used as a comparison. Based on their average of 100 blood draws per day, they 
calculated that 24% of the specimens would have moderate to severe hemolysis, and be rejected 
as usable samples.  
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The independent variables were identified as the venipuncture technique, blood draw 
method, and blood transfer technique when using a syringe. The venipuncture technique was 
conceptualized as either the use of an IV catheter or use of a phlebotomy needle. The IV catheter 
was defined as being 20-gauge or larger. Methods of drawing blood were defined as use of a 
needleless Vacutainer adapter or use of a syringe. The technique for transferring blood from a 
syringe was defined as use of a needle or use of a needleless transfer device. The dependent 
variable was identified as the presence or absence of hemolysis. Hemolysis was assessed by 
means of visual comparison to five sample tubes and was measured by degree of color change, 
using a scale ranging from  0 to 4. 
A questionnaire was completed and submitted with each blood sample by the person who 
collected the specimen. It covered the most common equipment and steps for obtaining the 
blood. It also allowed staff to write in additional information if other options were utilized. The 
questionnaire requested the technique used for venipuncture, the method for drawing blood, the 
method for transferring blood from a syringe, and the name of the phlebotomist and laboratory 
technician. 
Unlike Raisky (1994), who used an automated photometric analyzer to evaluate for 
hemolysis, Grant (2003) used a five-level Likert-type scale to assess for level of hemolysis based 
on the color of the serum. Sample tubes of the five levels were posted in the laboratory for 
reference. SAS was used for data analysis. To determine if there was any uneven distribution of 
factors associated with hemolysis, chi-square tests were used. Tests that had p values of  < 0.05 
were considered significant. 
Grant (2003) found significant differences in rates of hemolysis based on the technique 
used for venipuncture. Her findings were similar to those of Kennedy et al. (1996), in that blood 
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samples obtained from an IV catheter had higher rates of hemolysis than those drawn with a 
straight phlebotomy needle. Of the samples collected through an IV catheter at time of 
placement, Grant found that 49% were hemolyzed in comparison to 3% of the samples collected 
using a phlebotomy needle. This difference was significant  at p < 0.001. However, Grant found 
no correlation between catheter size and rates of hemolysis, whereas Kennedy et al. did. This is 
explained by the fact that in Grant’s study, only 20-gauge IV catheters or larger were used. 
Grant (2003) did find that methods of drawing blood (needleless Vacutainer adapter 
versus syringe) exposed statistically significant differences. Of the samples obtained at the time 
of IV catheter insertion using a needleless Vacutainer adapter, 77% had a large amount of 
hemolysis. In comparison, 28% of samples drawn using the IV catheter and syringe combination 
revealed varying degrees of hemolysis (p = 0.02).  
The use of a Vacutainer and phlebotomy needle did not correlate with these findings. 
Only 3% of the samples drawn by direct venipuncture using a phlebotomy needle and Vacutainer 
combination showed evidence of hemolysis. Additionally, the method of blood transfer from a 
syringe to blood tubes revealed no differences when comparing the use of a needle to the use of a 
needleless transfer device. 
Cox et al. (2004), like previous researchers (Grant, 2003; Kennedy et al., 1996), 
recognized that obtaining blood samples at the time of IV catheter insertion was a common 
practice performed by ED nurses in an attempt to improve efficiency. “However, reports of 
increased hemolysis of blood samples obtained in this manner imply that this practice actually 
may decrease efficiency by requiring a second blood draw” (Cox et al., p. 532). Cox et al. found 
that no previous nursing studies had examined the size of blood collection tubes in relation to 
rates of hemolysis when obtaining blood specimens from IV catheters.  
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The researchers used the biomechanical model of pressure differences and shear stress in 
relation to hemolysis of red cells, based on a study conducted by Sharp and Mohammad (1998). 
According to Sharp and Mohammad (as cited in Cox et al., 2004), “red blood cell hemolysis 
increases with increasing shear stress. Shear stress can be caused by pressure differences 
between the vein, needle, and collection tube generated during blood aspiration” (p. 530). 
Unlike previous studies (Burns & Yoshikawa, 2002; Grant, 2003; Kennedy et al., 1996; 
Raisky et al., 1994), this study (Cox et al., 2004) evaluated the tubes used to collect the blood, as 
opposed to the venipuncture method. Cox et al. hypothesized that when drawing samples through 
an IV catheter, the rate of hemolysis would be less when using 5 cc collection tubes which had 
less vacuum, than with 10 cc tubes which had greater vacuum.  
This study was conducted in an ED with an annual census of 72,300. A four-group, two-
period crossover design was used. With this design, each patient functioned as their own control. 
Two hundred sixty-eight patients and 12 nurses from varying shifts were chosen to participate in 
the study. All nurses were oriented to the proper procedure for blood collection and data 
collection. Patients were randomly assigned to four groups, and the nurses were randomly 
assigned as to which tube to draw first, the 5 cc tube or the 10 cc tube. Only 20-gauge and  
18-gauge catheters were used, based on results from a previous study (Kennedy et al., 1996) 
demonstrated that use of smaller gauge catheters significantly increased the rate of hemolysis. 
The independent variables were identified as the size of collection tubes and the order of 
filling the collection tubes. The size of collection tubes were 5 cc and 10 cc tubes. The order for 
filling tubes was defined as filling the 5 cc tube first, and then the 10 cc tube; or filling them in 
reverse order. The dependent variable was the rate of hemolysis. 
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A data collection sheet was completed for each blood draw, and samples were analyzed 
in the laboratory. The degree of hemolysis was determined by visual inspection, as well as by 
using an automated Hitachi spectrophotometer. Both readings were recorded. SAS was used for 
data analysis, and a linear mixed model was used to evaluate tube type along with other 
parameters. 
Cox et al. (2004) found that the smaller tubes had significantly less hemolysis than the 
larger tubes, and there was no difference related to the order in which the tubes were drawn. The 
study did find that there was considerable variation in hemolysis rates due to patient and nurse 
factors. Cox et al. suggested that different techniques for catheter insertion and blood collection 
by nurses could contribute to hemolysis rates, and is an area for further study. These findings 
correlate to results from previous studies (Burns & Yoshikawa, 2002; Grant, 2003; Kennedy et 
al., 1996; Raisky et al., 1994) that demonstrated a multifactorial basis for hemolysis including 
venipuncture technique, equipment material, venipuncture site and catheter size. 
Dugan et al. (2005) addressed the problem of increased rates of hemolysis when 
obtaining specimens from an IV catheter. They recognized the value of being able to obtain 
specimens through the IV catheter at the time of insertion, and that the underlying causes of 
hemolysis are multifactorial.  The focus of their study was to look at education, equipment, 
methods, and the disease state of patients to determine which factors, singly or in combination, 
resulted in higher rates of hemolysis, and which ones would meet their benchmark for useable 
blood specimens. 
There was no specific conceptual framework stated. However, like previous researchers 
(Burns & Yoshikawa, 2002; Cox et al., 2004; Grant, 2003; Kennedy et al., 1996), Dugan et al. 
(2005) appeared to use the biomechanical model of hemolysis. Using this model, they examined 
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the relationship between physiologic differences in patient condition, as well as types of 
equipment and methods used to obtain blood samples, and rates of hemolysis.  
The premise for this study was based on prior research (Burns & Yoshikawa, 2002; 
Grant, 2003; Kennedy et al., 1996; Raisky et al., 1994) that demonstrated blood obtained from a 
newly inserted IV catheter had higher rates of hemolysis than blood obtained using a phlebotomy 
needle. However, Dugan et al. (2005) hypothesized that with training and adjustment in types of 
equipment utilized, peripheral catheters could still be a viable option from which to obtain blood 
samples. 
As with most of the prior studies (Burns & Yoshikawa, 2002; Grant, 2003; Kennedy et 
al., 1996; Raisky et al., 1994), this study conducted by Dugan et al. (2005) used a quantitative, 
prospective, observational design involving patients in an ED setting. The study took place in 
June and July 2004, and involved a total of 100 patients. Inclusion criteria were defined as ED 
patients who were at least 18 years of age, who had orders for an IV and laboratory studies, and 
who had IV accessibility in the hand, forearm or antecubital fossa. Exclusion criteria were any 
specimens drawn by someone other than a registered nurse, licensed practical nurse or patient 
care technician, and any samples drawn for the purpose of blood cultures.  
Prior to the study, an evaluation was done of current practices, and a clinical nurse 
consultant from Becton Dickinson made recommendations on how to improve the standard 
operating procedure (SOP) to help reduce rates of hemolysis. The recommendation of adding 
extension tubing to the end of the IV catheter was suggested to decrease intra-lumen pressure 
and the potential for hemolysis. Once the SOP was revised, all staff members who would be 
performing phlebotomy were required to complete mandatory training. 
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The study sample of 100 blood draws resulted in a total of 382 tubes of blood. All 
samples were drawn from a newly inserted peripheral IV catheter, using extension tubing 
attached to the hub of the IV catheter. Data collection forms were completed and submitted with 
each blood draw.   
The independent variables were identified as time of day, title of phlebotomist, IV 
catheter site, IV catheter size, blood draw method, blood tube color and size, difficulty of 
catheter placement, number of attempts at IV catheter placement, resistance with blood 
aspiration, and discharge diagnosis. The dependent variable was identified as hemolysis, and 
measured by visual comparison using the Specimen Integrity Chart for Hemolysis. The use of 
extension tubing connected to the hub of the IV catheter was not controlled for in this study. It 
was used as the consultant’s recommendation, and is recognized by the researchers as a 
limitation in this study. 
A case report form was used for data collection and included data collected by the 
phlebotomist, data collected by the laboratory technician, and data collected for redraw of 
samples that were rejected by the laboratory. To grade degrees of hemolysis, the Specimen 
Integrity Chart for Hemolysis was used. The scale is a visual, color-coded scale divided into 
seven categories based on serum color, ranging from light yellow to dark red.  Degrees of 
hemolysis were categorized as follows: 100mg/dL was labeled slight, 200mg/dL was labeled 
moderate, and 400 mg/dL was labeled gross. 
SAS was used for data analysis, and all variables were specified as binary variables to 
help in data interpretation. As a means to gauge whether individual or grouped factors were 
related to hemolysis, the researchers used bivariate and multivariate statistical methods. In order 
to ascertain if factors linked with hemolysis were unevenly dispersed among the numerous 
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phlebotomy factors, paired t-test and odds ratios were utilized. Statistical tests with p values       
< 0.05 were considered clinically significant. Based on a previous study (Grant, 2003), Dugan et 
al. (2005) used a benchmark of 24% as the anticipated rate of hemolysis. 
The researchers found several statistically significant factors for rates of hemolysis when 
using a test of proportions. The p value was < 0.05 for right-sided IV placement, 22-gauge 
catheter size, blood draw categorized as difficult, and discharge diagnoses. However, the 
researchers’ conclusion regarding hemolysis rates in relation to discharge diagnosis did not 
correspond with the information provided in the table of results. 
Findings demonstrated that 60% of samples drawn through 22-gauge IV catheters 
hemolyzed; whereas 13.6% of samples drawn through 20-gauge catheters, and 8.2% drawn from 
18-gauge catheters resulted in hemolysis. This was congruent with findings from the study 
conducted by Kennedy et al. (1996). Despite a correlation between resistance experienced when 
aspirating blood with a syringe and higher hemolysis rates, rates of hemolysis were comparable 
between the syringe method and the use of a needleless Vacutainer adapter for collecting blood. 
This contrasted with results of the study by Grant (2003) in which the use of a needleless 
Vacutainer adapter resulted in significantly higher rates of hemolysis than samples obtained with 
a syringe.  
Dugan et al. (2005) also found a correlation between tube size and rate of hemolysis. Use 
of 4.5 cc, 5 cc and 6 cc tubes resulted in higher rates of hemolysis than the 3 cc and 3.5 cc tubes. 
This finding is consistent with study results by Cox et al. (2004) in which lower rates of 
hemolysis were found in 5 cc blood tubes when compared to 10 cc blood tubes. 
One finding, of particular interest, was that a higher percentage of blood samples 
hemolyzed when they were collected from IV sites placed in the right hand (40.9%) and forearm 
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(30.3%) compared to the left hand (25%) and forearm (5.3%). This was an unexpected finding, 
which the researchers did not control for. As a result, its significance cannot be clearly explained, 
but it is undoubtedly an area for additional research.  
Based on results of their study, the researchers do not recommend the use of 22-gauge IV 
catheters or smaller for drawing blood. They do, however, find that the use of a 20-gauge IV 
catheter, or larger, connected to extension tubing is an acceptable means for blood sampling. 
Additionally, they recognized that certain disease states, right arm versus left arm, and ease of 
aspirating blood all contributed to the degree of hemolysis when sampling blood through 
peripheral catheters. Therefore, it is important to evaluate the efficacy of this procedure on a case 
by case basis. 
The researchers also found that staff education on phlebotomy techniques correlated with 
a decrease in hemolysis. Over time, however, they did see hemolysis rates trending upward. This 
was contributed to new staff being hired into the department. After additional training, the rates 
trended downward. As a result, Dugan et al. (2005) stressed the importance of ongoing training 
in phlebotomy techniques as an important strategy for minimizing rates of hemolysis.  
Summary of Findings 
Four of the studies (Burns & Yoshikawa, 2002; Grant, 2003; Kennedy et al., 1996, 
Raisky et al., 1994) involved an examination of hemolysis rates between IV catheters and 
phlebotomy needles. Each group found that blood samples drawn through phlebotomy needles 
had a lower hemolysis rate than samples drawn through IV catheters. Although, Burns and 
Yoshikawa (2002) claimed this finding was noncontributory when logistic regression was used, 
they did contradict this claim in the introduction of their article. Dugan et al. (2005) and Cox et 
al. (2004) did not evaluate the differences between IV catheters and phlebotomy needles because 
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their study was based on previous research (Grant, 2003; Kennedy et al., 1996, Raisky et al., 
1994) that demonstrated a relationship between blood sampling from IV catheters and higher 
rates of hemolysis.  
Of the four studies (Burns & Yoshikawa, 2002; Dugan et al., 2005; Grant, 2003; 
Kennedy et al., 1996) that examined the impact of IV catheter size on hemolysis, Burns and 
Yoshikawa, Dugan et al., and Kennedy et al. discovered an inverse correlation between the size 
of the IV catheter and the rate of hemolysis. They found that 22-gauge IV catheters and smaller 
had statistically significant higher hemolysis rates than larger IV catheters. Grant did not find 
this correlation in her study. The explanation for this is that in her research only 20-gauge 
catheters and larger were used. 
Dugan et al. (2005) and Grant (2003) evaluated the use of a needleless Vacutainer 
adapter compared to a syringe in obtaining blood samples from an IV catheter. Grant found that 
the use of a needless Vacutainer adapter resulted in higher rates of hemolysis than the use of a 
syringe. This finding conflicted with the results of research conducted by Dugan et al., who 
found no statistically significant difference between the two methods for aspirating blood 
through the IV catheter. 
Cox et al. (2003) and Dugan et al. (2005) examined blood tube size in relation to 
hemolysis. Cox et al. found that 5 cc tubes had significantly lower rates of hemolysis than 10 cc 
tubes, while Dugan et al. found that 6 cc tubes had higher rates of hemolysis than smaller tubes. 
Twenty-six percent of the 6 cc tubes hemolyzed in comparison to 9% of the 3 cc tubes. One 
could conclude from this that the use of smaller blood tubes is less likely to result in hemolysis. 
Dugan et al. (2005) also found a correlation between higher hemolysis rates when 
samples were obtained from the right arm, and in individuals who had a diagnosis categorized as 
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either respiratory or reproductive (p < 0.05). Although there did seem to be an association 
between diagnosis and hemolysis rates, there was a discrepancy between the researchers’ 
conclusions and the data provided in the table of results. No other researchers to date have 
examined these factors, and these represent a basis on which to guide future research. 
Despite the higher incidence of hemolysis from samples obtained through IV catheters, 
only Raisky et al. (1994) began using phlebotomy needles as the preferred method to obtain 
blood specimens in their ED. Burns and Yoshikawa (2002) advocated the importance of having a 
standardized protocol, but did not explain the details of the protocol. As a result of the study by 
Grant (2003), the recommendation was to use only phlebotomy needles whenever possible, but 
then the hospital modified their policy to allow sampling through the IV catheter using a syringe. 
Cox et al. (2004) continued to support blood sampling through an IV catheter but changed to 
low-vacuum collection tubes. Findings from the research study by Dugan et al. (2005) resulted in 
a recommendation for discontinuing the use of 22-gauge catheters or smaller for obtaining blood. 
If the IV catheter inserted was smaller than a 20-gauge catheter, blood samples would have to be 
drawn by separate venipuncture. Kennedy et al. (1996) did not discuss any policy change in their 
article, but did explain why the practice of drawing blood through IV catheters still exists 
regardless of the higher rates of hemolysis: 
We recommend further study and continue to believe that despite apparent higher 
hemolysis rates, some valid clinical reasons exist for obtaining blood samples from an IV 
catheter. Frequently a patient who requires both an IV infusion and blood sampling has 
just “one good vein.” Perhaps the most compelling incentive for obtaining blood samples 
through the IV catheter is patient comfort. For patients who find venipuncture 
frightening, the possibility of just one “stick” is reassuring (pp. 568-569). 
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Based on these findings, it seems that future research needs to be directed toward finding the best 
method of obtaining blood specimens from IV catheters which results in the lowest rates of 
hemolysis, thereby maintaining efficiency and promoting patient comfort.  
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Chapter 3: Methods 
Research Rationale 
Assimilating evidence-based research and applying it to our practice, not only furthers 
our knowledge base, but also improves clinical outcomes through the practical application of that 
knowledge. Since there are known benefits that support keeping this blood sampling procedure 
as a viable option, the implementation of a standardized protocol, along with staff education, 
would help improve the rate of obtaining high quality samples. To achieve this goal, it is 
important to ensure that the techniques and equipment used to obtain blood samples through IV 
catheters is based on sound research. 
Results of previous research have demonstrated that the use of certain equipment can 
lower the incidence of hemolysis when obtaining blood samples through IV catheters. An 
unexpected finding reported by Dugan et al. (2005) was that a higher percentage of blood 
specimens obtained through IV catheters inserted in the right arm hemolyzed compared to those 
obtained through IV catheters placed in the left arm. Since this result was unanticipated and not 
controlled for, the researchers recommended it as an area for additional study.  
One premise was that arm dominance may play a role in this phenomenon since the 
majority of individuals are right handed. It is common knowledge that one’s dominant arm tends 
to be more developed than their non-dominant arm. As a result, the underlying vasculature and 
pressures within the veins of the dominant arm may be affected. 
Research Question 
Based on this presupposition the following question was posed. Does blood sampling 
through IV catheters placed in the non-dominant arm of ED patients result in a lower rate of 
clinically significant levels of hemolysis, as compared to blood specimens obtained through IV 
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catheters placed in the dominant arm? This question was the cornerstone on which the null 
hypothesis was formulated. 
Null Hypothesis  
In ED patients, there is no difference in the rate of clinically significant levels of 
hemolysis when blood samples are obtained through IV catheters placed in the non-dominant 
arm, as compared to blood samples obtained through IV catheters placed in the dominant arm.  
Theoretical Framework 
 The underlying framework supporting this research was the stress-strain law of the cell 
membrane discussed by Rand (1964). This foundational research supported the hypothesis that 
“hemolysis occurs at a critical strain, rather than stress, of the cell membrane…and that the 
membrane can withstand a wide variety of tensions for limited periods of time without rupture” 
(Rand, p. 314). Since this early work, there has been extensive research related to the 
deformation of the red cell membrane and hemolysis. More recent research by Sharp and 
Mohammed (1998) supported the hypothesis that if shear stress was high enough, red blood cell 
damage can occur, and it was independent of the amount of time the cells were exposed to that 
force. Additionally, it has been established that there is a shear stress threshold below which 
hemolysis will not occur, regardless of the length of time that the red blood cell is exposed to the 
stress. This was further supported by Barbee (2005) who explained that injury to the cell 
membrane occurred when forces acting upon the membrane exceeded certain thresholds. 
 Another factor associated with trauma to red blood cells is turbulent flow. According to 
Pinotti (2000) turbulent flow causes energy to be dissipated in the red cell membrane, resulting 
in damage and the release of hemoglobin. He further concluded that in small turbulent eddies, 
hemolysis was not dependent on the length of time the cell was exposed to the turbulence, but 
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only on the amount of energy dissipated. Causes of turbulent blood flow include increased blood 
viscosity, blood flow obstruction, increased vessel diameter, sharp angles or branching vessels, 
and intimal damage to the endothelium (Emergency Nurses Association, 2003). 
 This would support the premise that arm dominance may have a contributory role in 
causing hemolysis. If the vasculature were more developed, there would be more branching 
vessels, and an increase in vessel diameter. This, in combination with intimal damage and blood 
flow obstruction caused by the insertion of an IV catheter, could result in a higher rate of 
hemolysis. 
Variables 
Independent Variables 
The independent variables  included arm dominance, IV catheter size, type of blood 
collection tubes utilized, and the venipuncture site. Independent variables not controlled for 
included the patient’s underlying co-morbidities, the experience of the nurse, the patient’s age, 
the tourniquet time, and the number of IV sticks.  
Arm dominance was defined as right-handedness or left-handedness. The IV puncture 
site was defined as the antecubital fossa, forearm, wrist, or hand, since these are the sites most 
commonly used for IV insertion. The IV catheter size was defined as the use of a 20-gauge 
catheter, 18-gauge catheter, or 16-gauge catheter, since these are the sizes most often used in the 
ED. IV catheters that were 22-gauge and smaller were excluded, as their use has been associated 
with higher rates of hemolysis in previous research studies (Burns & Yoshikawa, 2002; Dugan et 
al., 2005; Kennedy et al., 1996).  
Based on results of prior research (Dugan et al., 2005; Grant, 2003; Sharp & Mohammad, 
2003), the decision was made to use the Sarstedt Monovette (S-Monovette) collection system to 
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obtain blood samples through the IV catheters. The S-Monovette system is a self-contained 
blood tube and syringe that attaches to the hub of the IV catheter. Once the blood is aspirated, the 
plunger of the syringe is snapped off, and the blood sample remains in the same tube in which it 
was collected. This method supports the syringe technique, while at the same time eliminating 
the possibility of red blood cell hemolysis when transferring the sample of blood from a syringe 
into a blood tube.  
Blood collection tubes were defined as S-Monovette blood collection tubes. The  
S-Monovette coagulation tube was 2.9 cc, the S-Monovette hematology tube was 4.0 cc. the  
S-Monovette chemistry tube was 4.7 cc, and the blood bank tube was 4.6 cc. The decision to use 
these tube sizes was based on prior research by Dugan et al. (2005) and Cox et al. (2002), which 
found smaller blood tubes had statistically significant lower rates of hemolysis than larger tubes.  
Dugan et al. (2005) also used extension tubing when drawing blood specimens through 
the IV catheter. However, this was not controlled for in their study and there was no research 
supporting its application. As a result, this research study excluded the use of extension tubing 
when sampling blood through the IV catheter. Nevertheless, its use is recognized as an area for 
additional research. 
Dependent Variable 
The dependent variable was defined as the presence or absence of clinically significant 
hemolysis in the coagulation, blood bank, hematology, or chemistry blood tube. The operational 
definition of clinically significant hemolysis was a level of hemolysis that results in the blood 
specimen being deemed unacceptable for the purposes of medical decision making, and 
therefore, requiring blood samples to be redrawn from the patient. According to H. VanGelder, 
laboratory technician at F. F. Thompson Hospital, any blood specimen  with a hemoglobin level 
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of ≥ 200 mg/dL represents a clinically significant level of hemolysis, and results in the blood 
sample being rejected for use (personal communication, April 5, 2007). The level of hemolysis 
determined to be unacceptable in the study by Dugan et al. (2005) was also defined as a 
hemoglobin level of ≥ 200 mg/dL. 
Research Design 
A quantitative, prospective, quasi-experimental design was used for the study. The 
control group consisted of subjects who had blood drawn through an IV catheter placed in their 
dominant arm. The experimental group consisted of those subjects who had blood sampling 
performed from IV catheters placed in the non-dominant arm. Every effort was made to 
randomly assign subjects to the control and experimental groups, but it was recognized that true 
random selection is not possible. The sample population was selected from patients presenting to 
the ED at F. F. Thompson Hospital, resulting in limited generalizability. For this reason, the 
study design was quasi-experimental. 
Sample Population 
Sample Size 
The population was defined as ED patients. For the purposes of this research, the sample 
population consisted of ED patients who presented for care at F. F. Thompson Hospital on 16 
separate data collection days. A power analysis was done in order to calculate the sample size 
needed to have a power of 80% with a 95% confidence interval. Previous studies (Grant, 2003; 
Dugan et al., 2005) established a benchmark of 24% as an acceptable rate of hemolyzed 
specimens. However, this number was not based on national data, and is thought to be too high 
for use as an acceptable benchmark. For the purposes of this study, it is estimated that 20% of 
blood samples obtained from the control group and 5% of samples obtained from the 
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experimental group will have unacceptable levels of hemolysis. Using this estimate, along with a 
beta error level of 20%, each group should have a sample size of 59 subjects, which  would 
support a power of 80% with a 95% confidence interval (DSS Research, 2006). 
Inclusion Criteria 
 Inclusion criteria included any ED patient who presented for medical care at F. F. 
Thompson Hospital. Subjects in the study were at least 18 years of age, and required an IV and 
blood work as part of their ED plan of care. 
Exclusion Criteria 
Exclusion criteria for the study included patients who have had a mastectomy, fistula, 
upper extremity amputation, known history of peripheral vascular disease, known history of 
trauma with vascular impairment to an upper extremity, anyone under the age of 18 years of age, 
and any individual who was not competent to give informed consent. Other individuals excluded 
from the study included those who had a peripherally inserted central catheter, Portacath, central 
venous catheter, or other type of pre-placed venous access.  
Likewise, any patient whose standard of care did not require both an IV and blood 
sampling were excluded from participating in the study. The standard of care, for the purposes of 
this study, was defined as interventions ordered by a physician that were pertinent to the patient’s 
presenting complaint, and were deemed to be clinically necessary in formulating a diagnosis and 
rendering appropriate treatment.  
Randomization 
The determination as to whether patients were assigned to the control group or to the 
experimental group was dictated by their account number. The account number assigned to each 
patient was a unique identifier that was used only by that patient, for that particular visit. Patients 
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whose account number ended in an even number were assigned to the control group, and those 
whose account number ended in an odd number were assigned to the experimental group. As a 
result, the determination as to whether someone was assigned to the control group versus the 
experimental group was random, and outside the scope of any research staff involved in the 
study. 
The principal investigator and one research assistant were responsible for the insertion of 
all IV catheters and blood sampling. Ultimately, the principal investigator performed the 
venipuncture and obtained the blood samples on all but two of the subjects enrolled in the study. 
Generalizability 
 According to V. Hebda, ED nurse manager, F. F. Thompson Hospital is a community 
hospital whose annual ED census for 2006 was 25,221 (personal communication, March 27, 
2007). According to census data from 2005, 95.7% of the surrounding community was white, 
and 2.3% was African American (U.S. Census Bureau, 2007). The median income in 2003, for a 
family in the surrounding county, was $45,122.00. Approximately 8.4% of the population was 
considered to be below the poverty line (U.S. Census Bureau). Therefore, conclusions from this 
study can be generalized to ED patients of community hospitals that serve predominantly white 
and relatively affluent communities. 
Likewise, the laboratory at F. F. Thompson Hospital used the Dimension RxL Max 
analyzer, manufactured by Dade Behring, to determine if blood samples had clinically significant 
levels of hemolysis. As a result, this study can be generalized only to facilities using this 
automated analyzer. 
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Rights of Human Subjects 
Level of Review 
 The application for research was submitted to the Institutional Review Board (IRB) at St. 
John Fisher College (Appendix A). Based on section VI of the Guidelines for IRB Proposal (St. 
John Fisher College, 2006), the proposed research study was classified as an expedited review. 
According to these guidelines, venipuncture and the collection of less than 450 milliliters of 
blood in subjects who are 18 years of age or older, is considered to involve only minimal risk, 
and therefore qualified as an expedited review. Approval to proceed with the study was granted 
by the IRB on December 19, 2007 (Appendix B). In addition, patients were included in the study 
only if the standard of care for their presenting complaint required the insertion of an IV and the 
sampling of blood as part of routine treatment. No interventions were performed on a patient 
unless it was deemed medically necessary and ordered by the ED physician. Persons under the 
age of 18, or who were otherwise not competent to give informed consent, were excluded from 
the study. 
Informed Consent 
 Informed consent was obtained from all subjects participating in the study. It is important 
to understand that informed consent is more than just a written document. It is an exchange of 
information, which includes verbal and written instructions, as well as the opportunity for 
subjects to have questions answered (Dunn and Chadwick, 2004). Guidelines outlined by the 
IRB at St. John Fisher College (2006) were followed to ensure that each subject had complete 
knowledge and understanding regarding their participation. 
Subjects involved in this study received full disclosure of the purpose of this study, 
duration of participation, research procedures, risks, and benefits. Each subject had the 
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opportunity to ask questions, and have them answered to their satisfaction. Those participating in 
the study were guaranteed that strict standards of confidentiality would be adhered to, in order to 
protect their privacy. Likewise, each subject was informed that their participation was voluntary, 
and that they could choose to withdraw their consent at any time, without fear of penalty or 
having their medical care jeopardized. 
After reviewing the information provided, and having all questions answered, those 
patients who were willing to participate in this research study were required to give written 
consent (Appendix C). Any patient who was unwilling to sign the consent form was excluded 
from the study, without prejudice to their current or future care. 
Ethics Committee 
F. F. Thompson Hospital does not have an institutional review board. However, the 
hospital administrators did require that the study be reviewed and approved by the IRB at St. 
John Fisher College, as well as by the hospital’s ethics committee.  According to M. Fischer, 
director of nursing (personal communication, April 2, 2007), the decision of the ethics committee 
would be heavily influenced by the recommendations and approval of the IRB at St. John Fisher 
College.  After presenting the proposed research study to the ethics committee, approval was 
granted contingent upon final a review by the infection control nurse and the vice president of 
patient care services/chief nursing officer. After reviewing the study with these individuals, 
authority to proceed was granted.  
Methods of Measurement 
 The laboratory technicians at F. F. Thompson hospital typically use two methods to 
assess for blood specimen hemolysis (H. VanGelder, personal communication, April 9, 2007). 
First, the technicians perform a visual inspection after the blood is spun down. If it is determined 
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to be hemolyzed based on visual inspection, the specimen is rejected. Any specimens not 
rejected are placed in the automated analyzer for further evaluation of hemolysis.  
However, research by Glick, Ryder, Glick, and Woods (1989) and Hawkins (2002) found 
that the visual method used to estimate and quantify hemolysis was an inconsistent and 
inaccurate method, even when a colored, visual reference chart was used. Researchers from both 
studies recommended the use of automated analyzers, if available, over the visual method for 
rating hemolysis. Therefore, for the purposes of this study, the visual method for assessing 
hemolysis was not used due to its lack of reliability as an accurate measure. During the study 
period, the Dimension RxL Max was used to determine levels of hemolysis for all blood 
specimens. 
 The Dimension RxL Max is an automated chemistry analyzer manufactured by Dade 
Behring. This analyzer provides a broad range of testing, including general chemistry panels, 
electrolytes, endocrinology, enzymes, immunoassays, therapeutic drug monitoring, and 
toxicology (H. VanGelder, personal communication, April 9, 2007). The Dimension RxL Max 
also has an automated feature for detecting hemolysis, which measures the level of hemoglobin 
in mg/dL (Fritz, 2006). This feature automatically detects hemolysis, reports a hemolysis index, 
and flags any assay which is affected by the hemolysis (H. VanGelder, personal communication). 
 Although no specifications were available as to the reliability and validity of the 
Dimension RxL Max in regard to measuring the level of hemolysis in blood samples, Kohguchi, 
Mitekura, and Yamaoka (2005) found that “test results for reproducibility, effect of interfering 
substances, correlation with existing instrumentation, and other studies were quite acceptable” 
(p. 365). In general, automated analyzers are thought to have a high degree of sensitivity, and a 
low degree of measurement error. 
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Data Collection 
 An investigator-developed bedside data collection form was used to gather and record 
information relevant to this study (Appendix D). The demographic information that was 
collected included the name of the investigator, patient’s account number, age, gender, date, 
time, and arm dominance. Data pertinent to the process of collecting blood specimens was also 
recorded, and included the IV catheter size, venipuncture site, use of dominant versus non-
dominant arm, total milliliters of blood drawn, specific blood tubes collected, amount of 
aspiration resistance experienced, and whether or not the blood specimens hemolyzed. 
Additionally, if the subject’s blood was unable to be obtained through the IV catheter, it was 
noted on the collection form. A study enrollment log was also maintained. Information in this log 
included the date, unique patient identifier, whether or not the patient was enrolled in the study, 
reason for exclusion, and whether or not consent was obtained (Appendix E). 
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Chapter 4: Data Analysis 
Sample 
The sample was selected from the 313 patients who presented to F. F. Thompson 
Hospital for treatment on 16 randomly selected days between July 2008 and November 2008. Of 
the 313 potential subjects, 61 met eligibility criteria for participation in the study (Table 1 and 
Figure 1). Of those 61 subjects, one left against medical advice and two refused to give consent, 
resulting in an attrition rate of 5%. The final sample consisted of 58 subjects. Six of these 
individuals had IV catheters successfully placed, but blood samples were unable to be drawn 
from the IV catheters. Blood samples were obtained from the remaining 52 subjects, resulting in 
159 blood specimen tubes being collected for analysis.  
 
Table 1 
Summary of Subject Exclusion                    
Reason for exclusion    Number of subjects   Percentage  
No lab work indicated     144         46% 
Minor       50         16% 
Pre-existing IV access    19         6.1% 
No IV indicated     16         5.1% 
Incompetent adult     8         2.5%        
Life threatening emergency    7         2.2% 
Pregnant      5         1.5% 
Mastectomy      2               0.6% 
Declined consent     2         0.6% 
Cellulitis of upper extremity    1         0.3% 
Left against medical advice    1         0.3% 
____________________________________________________________________________________________________________  
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Enrolled
No Lab Work Indicated
Minor
Pre-existing IV Access
No IV Indicated
Not Competent
Life Threatening Emergency
Pregnant
Mastectomy
Declined Consent
Cellulitis of Upper Extremity
Left AMA
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Descriptive Statistics 
Demographics 
The Statistical Package for Social Sciences for Windows, Version 14.0 (SPSS, 14.0, 
Chicago, Il) was utilized for data analysis. The subjects were randomly assigned to either the 
experimental group (46.6%) or the control group (53.4%). They ranged in age from 19 to 94 
years and were normally distributed over this range (Figure 2). Male subjects comprised 37.9% 
of the sample, and 62.1% were female. Hand dominance was not normally distributed (93.1% 
were right hand dominant and 6.9% were left hand dominant).  A 20-gauge intravenous catheter 
was used in 93.1% of cases, and an  
Enrolled 18% 
No Lab Work Indicated 46% 
Minor 16% 
Figure 1. Summary of Subject Selection 
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18-gauge catheter was used for the remaining 6.9%. The right extremity was used for IV catheter 
placement 53.4% of the time and the left extremity was used in 46.6% of cases. Intravenous 
catheters were placed in the hand (22.4%), in the wrist (15.5%), in the forearm (43.1%), and in 
the antecubital fossa (19%) (Figure 3). In six cases, or 10.3% of the time, blood was unable to be 
obtained through the IV catheter. 
 Of the 159 blood samples collected from 52 subjects, one specimen tube hemolyzed. The 
subject from whom this blood sample was obtained was right-hand dominant, and the IV catheter 
had been placed in their left hand. In summary, hemolysis affected less than 1% of the blood 
samples collected, and resulted in 2% of the study participants having their blood samples 
redrawn. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Distribution of Age. 
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Nonparametric correlations 
 Subjects for whom blood was unable to be obtained through the IV catheter were 
removed from the final sample when calculating correlation coefficients because the rate of 
blood specimen hemolysis would otherwise be falsely elevated.  Since one or more variables are 
ordinal, Spearman’s rho was used to calculate correlation coefficients.  Two negative 
correlations were found to be statistically significant at the 0.05 level (Appendix F).  
The first correlation was between arm dominance and amount of blood drawn. 
Spearman’s rho was found to be -0.306 when describing the relationship between the amount of 
blood drawn and arm dominance. Although this supports a moderate relationship, it is not 
Figure 3. IV Catheter Site Placement. 
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clinically relevant. Using the strength of relationships based on correlation coefficients as 
described by Holcomb (2006), a moderate negative relationship was identified between IV 
catheter site and degree of aspiration resistance (Spearman’s rho = -0.326, p = 0.05 ). This has 
both statistical and clinical significance, and supports the fact that aspiration resistance tends to 
be greater when drawing blood from smaller diameter vessels. 
Crosstabulation 
 Crosstabulation was used to compare the composition of the experimental group and 
control group.  Sample size and arm dominance for the two groups were comparable.  There 
were 24 subjects in the experimental group and 28 in the control group. Of those in the 
experimental group, 22 were right hand dominant and 2 were left hand dominant. In the control 
group, 26 were right hand dominant and 2 were left hand dominant.  
Logistic Regression 
 Logistic regression is used to help determine how well the independent variables can 
predict the outcome of the dependent variable (Holcomb, 2006). It can be used when scores are 
unevenly distributed, and would have been an appropriate test to perform for these analyses. 
However, logistic regression requires a dependent sample variable greater than one. As a result, 
logistic regression was unable to be applied due to the fact that there was only one hemolyzed 
specimen. 
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Chapter 5 
Limitations 
Generalizability is limited to ED patients of community hospitals that use the Dimension 
RxL Max analyzer, and serve predominantly white and relatively affluent communities. 
Likewise, it cannot be generalized to those less than 18 years of age or to women who are 
pregnant. The greatest limitation of this study was the final sample size. Due to time and 
resource constraints, the ability to obtain a total of 118 participants was not achieved. Out of 313 
potential subjects, only 61 met the inclusion criteria for the study. One subject left against 
medical advice and two declined to give consent, resulting in a total of 58 subjects. Of these 58 
subjects, blood samples were not obtained from six for a final sample size of 52. This limited the 
statistical power of the study to 52% with a 95% confidence interval. However, if additional time 
had been available to continue the data collection an adequate sample size would have been 
reasonably achievable. 
The study design also did not lend itself to examining variations in technique and skill 
among individual nurses. Of the 159 blood tubes that were collected, only one specimen was 
hemolyzed. However, IV placement and blood sampling was performed by one investigator in 
all but two of the subjects. As a result, one cannot determine whether the low rate of hemolysis 
was related to sample size, equipment, technique, or experience. Additionally, since there was 
only one hemolyzed specimen, logistic regression could not be used to determine the degree to 
which the independent variables could predict the outcome of the dependent variable. 
Strengths 
 Strengths of this study include the study design, as well as the selection and 
randomization of subjects. The study used a quantitative, prospective, quasi-experimental design 
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which was appropriate for this type of research. All patients who presented to the ED at F. F. 
Thompson Hospital on the available dates were eligible to participate if they met the inclusion 
criteria. Likewise, subjects were randomized to control and experimental groups in a manner 
which eliminated bias. 
Implications 
 The results of this study do not support the unanticipated findings discussed by Dugan et 
al. (2005), which revealed that blood drawn through IV catheters inserted in the right arm had a 
statistically significant higher rate of hemolysis when compared to the left arm. In fact, not only 
did the sample population have a very low rate of blood sample hemolysis (< 1% of all blood 
tubes), but the one blood sample which hemolyzed was drawn from the subject’s non-dominant 
left hand. It is difficult to say whether or not these findings would have been different with a 
larger sample size. Results of larger-scale replication studies may reveal further evidence on 
which to base practice. 
A moderate relationship was identified between IV catheter site and degree of aspiration 
resistance (Spearman’s rho = -0.326, p = 0.05 ). This lends support to the use of the forearm or 
antecubital fossa for IV catheter placement when planning to obtain blood samples from the IV 
catheter, instead of using the hand due to the larger diameter of blood vessels in these sites. Most 
surprising was the generally low rate of blood specimen hemolysis. The results of this study did 
not provide sufficient evidence to demonstrate whether this low rate of hemolysis could be 
attributed to the use of the S-Monovette blood collection tubes, technique, experience, or other 
uncontrolled variables. Future studies comparing the use of syringes and S-Monovette blood 
collection tubes, level of nursing experience, and technique variation among individuals would 
help to answer some of these questions. 
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Recommendations 
Clearly, research has substantiated the theory that blood sampling through IV catheters 
results in higher rates of hemolysis than samples obtained by a separate venipuncture using a 
phlebotomy needle. The low rate of hemolysis found in this study does favor the use of the S-
Monovette collection system by those who obtain blood specimens from IV catheters. However, 
additional research is needed to assess the many factors that can contribute to higher rates of 
hemolysis when drawing blood through an IV catheter. The previous studies discussed identified 
catheter size, catheter material, blood tube size, use of a syringe versus a needleless adapter, 
venipuncture site, right side versus left side, and underlying disease as potential causes blood 
sample hemolysis. Since there is general consensus that the practice of obtaining blood from an 
IV catheter at the time of insertion is an important option for healthcare workers and patients, the 
continued focus of research needs to be on practice guidelines to minimize the likelihood of 
hemolysis in this population. Therefore, continued research is warranted to determine equipment, 
sampling techniques, and population characteristics that can contribute to blood specimen 
hemolysis. 
A national benchmark for rates of hemolysis needs to be defined for this practice. In 
order to consistently adhere to the benchmark, clear guidelines need to be established for catheter 
size, venipuncture site, and method of blood collection. Additionally, exclusion criteria need to 
be developed for patient populations who are determined to be at a higher risk for hemolysis 
when blood sampling is done through an IV catheter. Ultimately, the goal is to find the best 
practice that minimizes patient discomfort and improves staff efficiency without increasing 
healthcare costs and creating delays in patient care. 
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Dissemination 
 Results of the study were shared with the nursing research council and ED nurse manager 
at F. F. Thompson Hospital. As a result, F. F. Thompson Hospital made the decision to move 
forward in implementing the use of the S-Monovette collection system when obtaining blood 
specimens from IV catheters. In addition, the nursing research committee extended an invitation 
to present this study at  nursing grand rounds and journal club. Plans also are being made to edit 
and prepare this report of research for publication in Journal of Emergency Nursing.  
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Appendix A 
 
 
FORM B 
   For Office Use Only 
          ______________ 
                                                            St. John Fisher College             Chair, Signature 
                                                                  Institutional Review Board                 ______________ 
               Date 
 
                                                     Application for Expedited Review 
 
Please submit three copies of this form to the Office of Academic Affairs, K-202, Attention: Jamie Mosca. 
 
 
 
Name of Investigator(s):  Jay M. Andross 
 
 Address/City/State/Zip:  4299 Middle Rd., Canandaigua, New York  14424 
 
 Telephone:  585-396-9123  Day   Evening 
 
 Alternate Telephone:  585-705-3509 
 
E-mail Address:  jandross@sjfc.edu  FAX: 
 
 
Faculty/Staff Sponsor (if different):  Dr. Lynn Nichols 
 
 
 
Title of Project:  The Effect of Arm Dominance on Specimen Integrity when Sampling Blood from IV 
Catheters 
 
 
 
Abstract of Project: 
 
 This research study will examine whether or not arm dominance contributes to blood sample hemolysis 
when blood specimens are obtained through intravenous (IV) catheters at the time of insertion. The sample 
population will consist of emergency department patients at F. F. Thompson Hospital who require an IV and blood 
work as part of their routine care, and who have a written physician order for such interventions. The only 
independent intervention undertaken by the researcher will be to determine whether to use the participant’s 
dominant or non-dominant arm for IV insertion. The participant’s account number will be used to determine which 
group they are assigned to. 
 A quantitative, prospective, quasi-experimental design will be used. The control group will consist of 
participants who have blood samples drawn through an IV catheter placed in their dominant arm, and the 
experimental group will have blood specimens drawn through the IV catheter placed in their non-dominant arm. The 
maximum amount of blood obtained from each participant will not exceed 20 mL. The equipment and technique 
used for IV placement and blood sampling will be standardized. All blood specimens will be analyzed using the 
Dimension RxL Max to determine whether or not blood samples hemolyzed. SPSS software will be used to analyze 
the data and report descriptive statistics, comparing the control and experimental groups. Additionally, a regression 
analysis will be performed.  
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Type of Investigator and Nature of Activity (check one): 
 
• Faculty or staff at St. John Fisher College ______ 
• Student of St. John Fisher College      X  
 
 
Individuals other than faculty, staff, or students of St. John Fisher College. (Please identify investigator and 
explain nature of research activity.) All applications from students and from persons outside of the College must 
be signed by the faculty, staff person or administrator supervising the research activity. 
 
N/A.   The principal investigator is a St. John Fisher graduate student. 
 
 
Please answer the following questions with regard to the proposed research activity. (An affirmative response 
to any of these might necessitate formal review.) 
  
Does the research involve: 
 
YES NO  
a. drugs or other controlled substances 
 
____   X _  
b. access to subjects through a cooperating institution?  
 
  X    ____  
c. subjects taking internally or having externally applied any substance? 
 
____   X _  
d. removing any fluids (e.g., blood) or tissue from subjects? 
 
  X    ____  
e.  subjects experiencing stress (physiological or psychological) above a level that would be 
associated wittheir normal everyday activity? 
 
 
____   X _  
f. misleading subjects about any aspect of the research? 
 
____   X _    
g. subjects who would be judged to have limited freedom of consent (e.g., minors, mentally 
retarded, aged)? 
 
____   X _ 
 
h.      any procedures or activities that might place the subjects at more than minimal risk 
(psychological, physical, or social/economic)? 
 
 
____   X _  
i. sensitive aspects of the persons’ own behavior, such as illegal conduct, drug use, sexual 
behavior, or alcohol use? 
 
 
 
____   X _ 
Under which of the following categories are you applying for expedited review? (check one) 
 
____ 1. Voice recordings made for research purposes such as investigations of speech defects. 
 
____ 2. Moderate exercise by healthy volunteers. 
 
____ 3. The study of existing data, documents, records, pathological specimens, or diagnostic specimens, if the 
individual from whom the data were collected are identifiable. 
 
____ 4. Research on individual or group behavior or characteristics of individuals, such as studies of perception, 
cognition, game theory, or test development, where the investigator does not manipulate subjects’ behavior 
and the research will not involve stress to subjects. 
 
____ 5. Collection of: hair and nail clippings, in a non-disfiguring manner; deciduous teeth; and permanent teeth if 
patient care indicates a need for extraction. 
 
____ 6. Collection of excreta and external secretions including sweat, uncannulated saliva, placenta removed at 
delivery, and amniotic fluid at that time of rupture of the membrane prior to or during labor. 
 
____ 7. Recording of data collected from subjects 18 years of age or older in the course noninvasive procedures 
routinely employed by professionally certified/licensed individuals in the clinical practice of medicine, 
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psychology and social work. This includes the use of physical practice sensors that are applied either to the 
surface of the body or at a distance and do not involve input of matter or significant amounts of energy into 
the subject or an invasion of the subject’s privacy. It also includes such procedures as weighing, testing 
sensory acuity, electrocardiography, electro-encephalography, thermography, detection of naturally occurring 
radioactivity, diagnostic echography, and electroretinography. It does not include exposure to 
electromagnetic radiation outside the visible range (for example x-rays, microwaves). 
 
  X    8. Collection of blood samples by venipuncture, in amounts not exceeding 450 milliliters in an eight-week 
period and no more often than two times per week, from subjects 18 years of age or older who are in good 
health and not pregnant. 
 
____ 9. College of both supra- and subgingival dental plaque and calculus, provided the procedure is not more 
invasive than routing prophylactic scaling of the teeth and the process is accomplished in accordance with 
accepted prophylactic techniques. 
 
 
 
Certification 
 
1. I am familiar with the policies and procedures of St. John Fisher College regarding human subjects. I subscribe 
to the standards described in the document, IRB Policies and Procedures for the Protection of Human Subjects. 
 
2 I am familiar with the published guidelines for the ethical treatment of subjects associated with my particular 
field of inquiry (e.g., as published by the American Psychological Association, American Sociological 
Association). 
 
3. I am familiar with and will adhere to any official policies in my department concerning research with human 
subjects. 
 
4. I understand that upon consideration of the nature of my project, the IRB may request a full application for 
review of my research at their discretion and convenience. 
 
5. If changes in procedures involving human subjects become necessary, I will submit these changes for review 
before initiating the changes. 
 
 
 
_______________________________________        __________________________________________ 
Date & Signature B Investigator(s)                Date & Signature B Collaborator(s) and/or Student Investigator 
 
 
_________________________________________________ 
Date & Signature – Faculty/Staff Sponsor 
 
 
 
All student applications and applicants from outside the College must have a College sponsor. 
 
 
_________________________________________________ 
Date & Signature – Researcher 
 
Decision of Institutional Review Board 
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Reviewed by: ____________________________________ _________________________________ 
   Subcommittee Member #1     Date 
 
   
   ____________________________________ _________________________________ 
   Subcommittee Member #2     Date 
 
 
 
 Approved  
  
 Not Approved 
 
 
 
Comments:  
  
 
 No Research         The proposed project has not research component and does not need be in further 
compliance with Article 24-A. 
Minimal Risk The proposed project has a research component but does not place subjects AAt Risk@ and 
need not be in further compliance with Article 24-A. 
Research & Risk The proposed project has a research component and places subjects at risk. The proposal 
must be in compliance with Article 24-A. 
 
 
 
 
___________________________________________                _______________________________ 
Chairperson, Institutional Review Board   Date 
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IRB Approval 
Mosca, Jamie 
 You replied on 12/20/2007 11:44 PM. 
To:  Andross, Jay M 
Cc:   
 
 
 
Dear Mr. Andross: 
  
Thank you for submitting your research proposal to the Institutional Review Board. 
                         
I am pleased to inform you that the Board has approved your Expedited Review project, “The 
Effect of Arm Dominance on Specimen Integrity when Sampling Blood from IV Catheters.” 
  
Following federal guidelines, research related records should be maintained in a secure area for 
three years following the completion of the project at which time they may be destroyed.  
  
Should you have any questions about this process or your responsibilities, please contact me at 
385-5262 or by e-mail to emerges@sjfc.edu, or if unable to reach me, please contact the 
Administrative Assistant to the IRB, Jamie Mosca, at 385-8318, e-mail jmosca@sjfc.edu. 
  
Sincerely, 
  
  
Eileen M, Merges, Ph.D. 
Chair, Institutional Review Board 
  
EM:jlm 
  
Copy: OAA IRB 
IRB: Approve expedited.doc 
 
 
 
 
 
 
 
 
 
 
 
Rev. 12/00 lh 
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St. John Fisher College 
 
INFORMED CONSENT FORM 
  
  
Title of study:  
The Effect of Arm Dominance on Specimen Integrity when Sampling Blood from IV Catheters 
  
  
Name(s) of  researcher(s):  
Principal Investigator: Jay M. Andross, RN, BS, CEN 
Research Assistants: Kate McGahey, RN, BS 
  
Faculty Supervisor: Lynn W. Nichols, PhD, RN      
Phone for further information: 585-385-8246 
  
Purpose of study:   
The purpose of this study is to determine whether or not arm dominance is a contributory factor 
in blood specimen hemolysis when blood samples are obtained at the time of IV catheter 
insertion. The goal of this study is to improve the technique used in obtaining blood specimens 
through IV catheters in order to reduce the incidence of blood sample hemolysis and prevent 
delays in patient care. 
  
  
Approval of study: This study has been reviewed and approved by the St. John Fisher College 
Institutional Review Board (IRB). 
  
  
Place of study: F.F. Thompson Hospital Emergency Dept., 350 Parrish St., Canandaigua, NY 
14424  
 
Length of participation: Length of participation is limited to this one emergency department 
visit. 
  
 
Risks and benefits:  The expected risks and benefits of participation in this study are explained 
below: 
 
Risks: Participation in this study carries with it no additional risks other than those which are 
associated with your routine plan of care in the emergency department.  
  
Benefits:  The only benefit is in helping to further the understanding of techniques that minimize 
the occurrence of hemolysis, in an effort to standardize protocols which improve the delivery of 
patient care. 
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Method for protecting confidentiality/privacy:  Patient names will not be collected during this 
study. Only the patient’s account number will be used as a unique identifier to allow the 
researchers to track the blood specimens, in order to determine whether or not the samples 
hemolyzed. All data collected will be kept by the principal researcher in a locked safe for a 
period of three years following the completion of the study. At the end of three years, all data 
will be destroyed. 
  
  
Your rights: As a research participant, you have the right to: 
  
1. Have the purpose of the study, and the expected risks and benefits fully explained 
to you before you choose to participate. 
2. Withdraw from participation at any time without penalty. 
3. Refuse to answer a particular question without penalty.  
4. Be informed of appropriate alternative procedures or courses of treatment, if any, 
that might be advantageous to you. 
5. Be informed of the results of the study.   
 
  
I have read the above, received a copy of this form, and I agree to participate in the above-named 
study.   
 
 
 
________________________ _______________________  __________ 
Print name (Participant)  Signature    Date 
  
 
 
________________________ _______________________  __________ 
Print name (Investigator)  Signature    Date  
  
 
  
If you have any further questions regarding this study, please contact the principal investigator, 
Jay Andross, at 585-705-3509.  If you experience emotional or physical discomfort due to 
participation in this study, please contact the Office of Academic Affairs at 585-385-8034 or the 
Wellness Center at 585-385-8280 for appropriate referrals. 
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Data Collection Tool 
 
Investigator: ___________________________  Gender: _________________ 
 
Account number: _______________________  Date: ___________________ 
 
Subject’s age: _________________________  Time: __________________ 
 
 
Subject’s dominant arm:      Right         Left 
 
Arm selected:      Right         Left 
 
 
IV catheter size:      20 gauge        18 gauge         16 gauge 
 
IV catheter site:      Hand        Wrist        Forearm        Antecubital Fossa 
 
 
Total mL of blood drawn : ______________   (not to exceed 20 mL of blood) 
 
Blood tubes filled:     Purple     Green top    Red/yellow      Blue     Pink     Unable to 
obtain 
 
 
Aspiration resistance:    None     Moderate     Severe    Unable to obtain specimen 
 
************************************************************************ 
 
Specimen integrity:      Acceptable for medical diagnostic purposes (Not Hemolyzed) 
    
                Unacceptable for medical diagnostic purposes (Hemolyzed) 
 
 
Blood tubes with sample hemolysis:    
 
         Purple top        Green top       Red/yellow top        Blue top        Pink top 
 
Patient redrawn:    Yes        No               Time patient was redrawn: ______________ 
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Appendix E 
 
Study Enrollment Log 
Date Identification Number Included in Study Indicate Reason for Exclusion Consent Signed 
 
  Yes         No   Yes         No 
   Yes         No   Yes         No 
   Yes         No   Yes         No 
   Yes         No   Yes         No 
   Yes         No   Yes         No 
   Yes         No   Yes         No 
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Exclusion Criteria: 
Declined Consent, Under 18 Years of Age, Not Competent to Give Consent, Mastectomy, Fistula, Upper Extremity Amputation, 
Pre-placed Venous Access, Known History of Upper Extremity Trauma with Vascular Impairment, Pregnancy, Severe Pain, Life 
Threatening Emergency 
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